An Etectrogastrography (EGG) 
INTRODUCTION
The electrical activity of the stomach recorded non-invasively by cutaneous electrode is reputed as Electrogastrogram (EGG). Basically gastric myoelectrical activity has two components, Electrical Control Activity (ECA) and Electrical Response Activity (ERA) [1] . Since the pioneer investigator Alvarez published his studies of EGG in 1922, scientists have made a great progress in recent two decades on EGG study. However, the low amplitude characteristic of EGG signal (about 50-500// V) [2] made it liable to be interfered by the motion of the heart, chest, diaphragm, and abdominal wall, etc. [3] . The relatively low S/N ratio of EGG led it unpractical on clinical use. Therefore, we tried to create new techniques to resolve this problem, and the essential first step is to create a new Microcontroller was wildly used on biomedical signal recording [4] [5] . The small size and low power consumption make it suitable for the battery power supplier. We used a new microcontroller that includes an embedded A/D converter to accomplish our new EGG acquisition system. It operated with the preamplifier and the bandwidth adjustable Butterworth filters. All of the circuitries were packaged in a plastic case with adequate shielding for electrical safety. The EGG signal was transfered with the RS-232 stander interface for resisting interferences. The EGG signal was stored on the hard disk in digital type finally. Furthermore, we also accomplished the acquisition and analysis programs for EGG preliminary analyzing.
METHOD
The complete system contains a 2-channel bedside EGG recorder, the A/D conversion unit and its analysis software. EGG signals on surface of the upper abdomen were record with Ag/AgCl surface electrodes. electrodes, the amplifiers increase the magnitude of the EGG signals and, at the same time, suppress noises by the filters built in. EGG signals were sampled by the on-chip A/D converter of the microcontroller. Then, the microcontroller transmits the digitized signals to the host PC via the RS-232 interface. Finally, the acquired waveform was displayed for inspection and stored onto hard disks for latter analysis. The EGG recorder was battery powered for electrical safety. Moreover, all the circuitry was enclosed in a plastic case with adequate shielding.
Amplifiers and filters
For flexibility in practical application, the gain and bandwidth of the amplifiers are variable. Figure 2 shows the circuit diagram of the amplifiers and filters. An instrumentation amplifier (LM363) was used to implement this amplifier with a gain of 10. The advantages of using this IC are: low cost, low power, high precision, low input bias current and high input impedance. These features make this chip suitable for handling the EGG signals, which have the magnitude of 50 to 500 µ V or so. The on-chip guard drive of the LM363 is used to eliminate noisy interferences, both from power lines and from capacitive coupling of the input leads. The bandwidth of the Butterworth filter is adjustable to eliminate high-frequency noise coming from ECG, EMG, and so on. To make use of the maximally scale of the A/D converter additional gain of 75 times was afforded by this circuit.
Digital circuit
The microcontroller PIC16C74A that contains a multi-channel A/D converter was used to digitize EGG signals. For simplicity, the A/D converter was programmed in free-running mode of operation; that is, it scans and converses in a successive and continuous manner among different channels of inputs. Two channels of EGG signals were sampled. Because the voltage levels between the microcontroller and the RS-232 interface are different, a circuit should be designed to transfer the TTL signal (from the microcontroller) into the RS-232 compatible voltage (for the host computer). The circuit is shown in Figure 3. 
Software design

Besides the acquisition program was implemented
Fig. 2 Detailed circuit diagram of the amplifiers (A) and filters (B).
for user friendly, two analyzing packages were developed for ease of use. One program displays the sampled data in time domain for visual inspection and thus, we can discard data with exceptional large artifacts. The other program analyzes data in frequency domain. It provides further digital filtering and the capability of running spectrum analysis. Techniques of Hamming windowing and zero padding were used in power spectrum analysis. All the three programs were developed in the Labview environment for time saving, flexibility, and portability.
EGG measurement
EGG signals were recorded from a healthy volunteer with no history of gastrointestinal diseases. He did not use tobacco, alcohol, and medication the week be- fore and during the study. The baseline fasting data and the postprandial response of the EGG were recorded from the four electrodes on the abdomen after skin preparation. The Position of those electrodes is shown in Figure 4 .
3. RESULTS Figure 5 shows the results of a test. A 3 cpm sine wave was used to simulate the low frequency EGG. The low and high cutoff frequencies of the filters were set at 0.015 Hz (0.9 cpm) and 0.5 Hz (30 cpm), respectively. The sampling rate of the A/D converter was 5Hz. Two EGG recording from the health volunteer were shown in Figure 6 . The upper part is the time domain waveform while the lower one is its frequency spectrum. The same data shown in Figure 7 processed with the method of running spectrum.
DISCUSSION
The cutaneous EGG from upper abdomen repre- sents the electrical activity of the stomach. It is a noninvasive measurement and gains widespread acceptance. In this paper, a microcontroller-based system was designed, which has the characters of low cost, high precision, and stability. Basing on this system, we can reliably measure, digitize, and analyze EGG signals free from noises.
Motion artifact is the major interference during EGG recording. To decrease this effect, Ag/AgCI electrodes were used because of its low-noise characteristic [6] . Furthermore, visual inspection before data analysis was used to discard records with exceptional contamination [7] . To faithfully record the EGG, the corner frequency of the high-pass filter cannot be set too high. However, the recovery time of a large timeconstant filter might be too long to be acceptable [8] . Therefore, the cutoff frequency is determined by tradeoff and set at 0.015 Hz.
The frequency component indicated by the arrow in Figure 6 does not seem to be bradygastria. Previous study suggested that this component is the disturbance of strong contraction [9] . From our data as shown in Figure 6 , we cannot find any strong contraction relating to the 3 cpm frequency. Further studies should be designed to address this problem.
